A polar gibberellin active in the dwarf rice (Oryza sadva L.) seedling and barley (Hordeum vulgare L.) half-seed assays was extracted from immature sour cherry (Prunus cerasus L.) seed and identified as gibberellin A32 by gas-liquid chromatography and selected ion monitoring.
Gibberellins are important growth substances in developing fruits (3, 7, 8, 14) . Many of the known gibberellins have been isolated from fruit tissue, particularly immature seeds (9) . Bound or conjugated gibberellins more polar than that commonly associated with the free acids have been detected (10, 11, 15, 17) , and some have been shown to be glucosyl or glucoside conjugates (6, 19, 20, 21) . In two instances, GA32 was responsible for the observed biological activity (2, 18). Earlier we reported gibberellin-like activity in an acidic butanol fraction of immature sour cherry seed extract that failed to release an active gibbereUlin on acid or enzymic hydrolysis (13) . We now report the identification of the butanol-soluble gibberellin as GA32.
MATERIALS AND METHODS Bioassays. Gibberellin-like activity was detected using the dwarf rice seedling and barley half-seed assays. The rice seedling test developed by Murakami (12) was adapted. Seeds of dwarf rice (Oryza sativa L. cv. Tan-ginbozu) were surface-sterilized with sodium hypochlorite (3% solution for 20 were lyophilized and processed for paper chromatography, TLC, and GLC. Second, a sample of about 800 g fresh weight was extracted immediately upon excision and processed primarily for mass spectrographic studies. The extraction and fractionation procedures used are outlined in Figure 2 .
Purification. The 1-butanol fraction from lyophilized seeds was concentrated and streaked on Whatman 1MM paper (45 x 48 cm). The chromatogram was developed (ascending) for 14 to 16 hr (for about 20 cm) with isopropyl alcohol-ammonium hydroxide-water (10:1:1, v/v). Authentic GA3 and GA32 were included for reference. Three indicator strips, approximately 2.5 cm wide, were removed from each sheet (one from each edge and one from the center) and biological activity was determined for each 0.1 RF segment using the dwarf rice seedling and barley half-seed assays.
Based on biological activity and position of reference com- ness, and the residue dissolved in 1 ml of methanol. One IlI of this methanol fraction was applied to each of three (replicates) filter paper discs (5-mm diameter), and biological activity determined using the barley half-seed assay. The remainder of the methanol fraction was reduced to dryness, taken up in I ml of acetone-water
(1:1 v/v) and 10 pl used for the rice seedling assay (10 single seedling replicates). GLC. Based on biological activity and position of authentic GA32, the acetone-water eluate from RF 0.5 was reduced to dryness and the residue redissolved in methanol (1 ml) and methylated with ethereal diazomethane (4, 16). The methylated derivative was further purified by TLC using chloroform-methanol (4:1, v/v), and the RF zone corresponding to authentic GA32 methyl ester was eluted with acetone-methanol (4:1, v/v) and reduced to dryness. To facilitate drying, the residue was taken up in methylene dichloride, dried, and redissolved in acetone. The trifluoroacetyl derivative, was prepared (1), dissolved in 1 ml of acetone and 5-,sl quantities were injected into a gas chromatograph (Shimadzu GC-4B-PF) equipped with an electron capture detector. Operating conditions were: column temperature, 150 C; injection port and detector temperature, 250 C; carrier gas, N2 at 40 ml min-l; glass column, I m x 1.5 mm i.d., packed with 15% SE 30-coated Chromosorb W (80-100 mesh, acid-washed and silanized).
Selected Ion Monitoring. Fresh frozen seeds were extracted and fractionated as illustrated in Figure 2 . The 1-butanol fraction was taken to dryness, and the residue was dissolved in 10 ml of acetone (100%1o) and transferred to an activated charcoal column (bed volume 250 ml). The column was eluted stepwise with increasing concentrations of acetone (100%o increments) in water. Each fraction (750 ml) was taken to dryness, redissolved in methanoL and bioassayed (barley half-seed). Biological activity was localized in the 20 and 30o acetone fractions. These two fractions were combined, and the unknown, after being derivatized, methylated, and trimethylsilylated (trimethylchlorosilane-trimethylsilylacetamide-dry pyridine [1:2:1, v/vJ for 2 min at room temperature), was subjected to selected ion monitoring using a Hitachi 063 gas chromatograph coupled to a RMU-6MG mass spectrometer equipped with a multiple ion detector. Instrument conditions were: glass column (1 m x 3 mm i.d.) packed with 3% OV-101 coated Gas-chrom Q (80-100 mesh). Column, injection port, and separator temperatures were 260, 280, and 300 C, respectively. Ionization voltage was 20 eV. Selected ion monitoring was conducted at m/e 680 (M+), m/e 665 (MW-CH3), and m/e 590 (M+-TMSOH). These ions were selected as significant characteristic ions of authentic GA32, previously isolated from peach seed (18, 19) , and similarly derivatized (Fig. 3) .
RESULTS
The gibberellin activity in the l-butanol fraction, as indexed by the dwarf rice seedling and barley half-seed bioassays, occurred at the same R, (0.5) on paper and TLC as authentic GA32 (Figs. 4 and 5).
On GLC, retention times for the methyl ester trifluoroacetyl derivative of the unknown and for comparably derivatized authentic GA32 were 4.5 min.
The methylated and trimethylsilylated unknown, when subjected to selected ion monitoring (Fig. 6) , gave the same retention time for the molecular (m/e 680) and fragment (m/e 665, 590) ions, characteristic of GA32 methyl ester trimethylsilyl ether (GA32 Me TMS), as obtained with authentic GA32 Me TMS (Fig. 3) . Based on these data we conclude that the 1-butanol soluble gibberellin in sour cherry seed is GA32.
DISCUSSION
Most of the water or 1-butanol soluble gibberellins thus far isolated have been conjugated gibberellins, which, on hydrolysis, yield a free gibberellin (6, 9, 21) . In sour cherry tissue, as in peach ISOLATION OF GA32 FROM SOUR CHERRY (Prunus persica Batsch) and apricot (Prunus armeniaca L.), GA32 is the principal component in the 1-butanol fraction (2, 18, 19) . We have evidence, based on chromatographic behavior on TLC and biological activity, that a similar if not identical gibberellin is present in seeds of two other stone fruits (Prunus domestica L. and Prunus salicina Lindl.). Gibberellin activity is not limited to seed tissue, for a polar gibberellin, most likely GA32, is also present in sour cherry pericarp tissue, but at a much lower concentration (data not presented). Thus far GA32 has been found only in Prunus species.
The highest levels (0.5 to 0.8 ,ug g dry wt-f, GA3 or GA4 equivalents) of GA32 in sour cherry seed, as indexed by biological activity of the 1-butanol fraction by dwarf pea and cucumber hypocotyl assays, occurs 14 to 18 days after anthesis. This is just prior to maximum endosperm and embryo development and the onset of lignification of the endocarp (13), the latter process being a distinctive characteristic of stone fruits.
GA32 is probably not the only gibberellin in sour cherry seed. Two zones of biological activity can be detected following TLC of the ethyl acetate fraction. The major component differs from GA32 in its chromatographic behavior and biological activity in the cucumber hypocotyl and dwarf pea assays (13) . Preliminary indications are that the minor component is more polar than the major component and may be similar if not identical to GA32. RETENTION TIME (min) FIG. 6 . Selected ion current profile of the methylated and trimethylsilylated derivative of authentic GA32 (left) and of the gibberellin present in a partially purified 1-butanol extract of sour cherry seed following gas chromatography on a 3% OV-101 coated Gas-chrom Q column. Monitoring was performed at m/e 680 (M+), m/e 665 (M+-CH3), and m/e 590 (M+-TMSOH).
